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AthenaAthena

✦ ,W·V�D�IUDPHZRUN�
● Represents a collection of classes that provide a set of services for a

particular domain.

● A skeleton of an application into which developers plug in their code
and provides most of the common functionality.

✦ 8WLOL]HV�FRPSRQHQWV�
● A physical and replaceable part of a system that conforms to and

provides the realization of a set of interfaces.

✦ )UDPHZRUN�'HVLJQ�*RDOV�
● Object oriented paradigm

• C++ implementation language

• Java foreseen

● Separation of Data and Algorithms

● Separation of Transient and Persistent Data
• Independence from persistent implementation
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AthenaAthena

✦ %DVHG�RQ�WKH�/+&%�IUDPHZRUN��*DXGL
✦ 6OLJKWO\�FXVWRPL]HG��H[WHQGV�RU�UHSODFHV�VHYHUDO

FRUH�VHUYLFHV

✦ &RUH�DEVWUDFWLRQV�
● Algorithms: computational code

● Data Objects: transient objects capable of being converted

● Converters: convert data from one representation to another
• transient ↔ persistent

• transient → graphical

● Services: components that provide a support service
• histogram service

• montecarlo generators

● Data Stores: several, both transient and persistent
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Athena-Athena-GaudiGaudi Object Diagram Object Diagram
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InterfacesInterfaces
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AlgorithmAlgorithm

✦ 8VHUV�ZULWH�FRQFUHWH�$OJRULWKPV�GHULYHG�IURPEDVH�FODVV�$OJRULWKP
● called once per physics event
● Implement- at least -  three methods in addition to the constructor

and destructor
• initialize() - called once at beginning of job
• execute() - called for every event
• finalize() - called once at end of job

✦ $OJRULWKP�SURYLGHV�KRRNV�WR�FRPPRQ�VHUYLFHV
● Other registered services are accessible once their header file is

included in the Algorithm
● Services are accessible via their abstract interfaces
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Integration ObjectivesIntegration Objectives

✦ $FFHVV�*($17��VHUYLFHV�IURP�$WKHQD�IUDPHZRUN
● simple access for standard features

● ability to use low level G4 functionality

✦ 8VH�+HS0&�HYHQW�DV�SURGXFHG�E\�*HQHUDWRUV
✦ 8QGHUVWDQG�YDULRXV�$7/$6�JHRPHWU\�IRUPDWV�

● basic GEANT4 C++ geometry classes

● multiple flavours of XML

✦ 8VH�*($17��3K\VLFV�/LVWV
✦ 3UHVHUYH�*($17��+LWV�DQG�7UDFNV�7UDMHFWRULHV�IRU

IXUWKHU�SURFHVVLQJ
✦ 9LVXDOL]DWLRQ
✦ 8VH�$WKHQD�IUDPHZRUN�IDFLOLWLHV�IRU�SHUVLVWLILFDWLRQ
✦ 8VH�$WKHQD�IUDPHZRUN�IDFLOLWLHV�IRU�KLVWRJUDPV
✦ 8VH�DQ\�RWKHU�$WKHQD�IUDPHZRUN�FRPSRQHQW���
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ComponentsComponents

✦ *�6YF��$WKHQD�*$8',�VHUYLFH
● G4Svc

• inherits from IService, IG4Svc

• usually, only thing the user needs to talk to

• triggers G4SvcRunManager initialization, event processing loop and termination

● G4SvcRunManager
• inherits from G4RunManager

• extends functionality

• splits up event loop so G4 event/hit store doesn’t get cleared until end of Athena
event

• no BeamOn method

● AthenaHepMCtoG4EventAction
• converts HepMC::GenEvent MonteCarlo event in Transient Event Store into a

G4Event

✦ ;0/�JHRPHWU\�EXLOGHUV
● reads XML files and builds detector geometry and materials

specifications
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Access to GEANT4 ServicesAccess to GEANT4 Services

✦ 6LJQLILFDQW�FRGH�DOUHDG\�H[LVWV�LQ�$7/$6�WKDW�XVHV
*��LQ�D�VWDQGDORQH�FDSDFLW\��1HHG�WR�VLPSOLI\
WUDQVLWLRQ�WR�$WKHQD�IRU�WKHVH�XVHUV�

✦ 3XUH�*($17��IDFLOLWLHV�FDQ�EH�DFFHVVHG�LQ�VHYHUDO
GLIIHUHQW�ZD\V�

● using pre-defined G4Svc access methods, as defined in the Abstract
Interface (IG4Svc), such as:
• SetUserAction( G4VUserEventAction );

• SetUserInitialization( G4VUserDetectorConstruction* );

● direct access to G4RunManager

● via command line userInterface session

● sending text commands to the UImanager

● get hold of various other G4 objects, such as G4Event* and talk
directly to them
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MC Event ConversionMC Event Conversion

✦ &RQYHUW�+HS0&��*HQ(YHQW�DV�SURGXFHG�E\
*HQHUDWRUV�LQWR�D�*�(YHQW��XVLQJ�D�FODVV�WKDW
LQKHULWV�IURP�*�98VHU3ULPDU\*HQHUDWRU$FWLRQ

✦ &DQ�GR�PXOWLSOH�HYHQWV�SHU�HYHQW��SLOHXS�

✦ 7ULYLDO�WR�GR�ZLWK�6LQJOH3DUWLFOH*XQ

✦ )RU�3\WKLD�HYHQWV��GRQ·W�QHHG�DOO�WKH�SDUWLFOHV��FDQ
SXUJH�XQVWDEOH�RQHV

✦ 3UREOHP��SDUWLFOH�WUHH�EHFRPHV�GLVFRQQHFWHG�
● put all particles into one primary vertex.

● create many primary vertices, one for each HepMC::GenVertex

● relink tree properly
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Physics ListsPhysics Lists

✦ 9HU\�VLPSOH��FRS\�GLUHFWO\�IURP�*($17��H[DPSOHV�

✦ 6HOHFW�YLD�MRE2SWLRQ
● G4Svc.PhysicsList = “string”

✦ $YDLODEOH�OLVWV�
● Geantino (ExN01, ExN02)

● ElectroMagnetic (ExN03)

● Full (ExN04)

● “none” → user must supply their own

✦ 8VHUV�FDQ�DOVR�FUHDWH�WKHLU�RZQ�OLVWV��DQG�ORDG�WKHP
YLD

● G4Svc->SetUserInitialization( PhysicsList∗ )
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Process Loop: initialize()Process Loop: initialize()

G4Svc::initialize()

AddListner(EndEvent, McEventGenerated)

new G4SvcRunManager

LArG4Sim::initialize()

G4Svc->SetUserInitialization(new LArDetectorConstruction)

G4Svc->SetUserAction(new LArRunAction)

G4Svc->SetUserAction(new LArEventAction)

G4Svc->SetUserAction(new LArSteppingAction)

initialize()
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Process Loop: execute()Process Loop: execute()

GenModule::execute()

create HepMCEventCollection, put in StoreGate
fire McEventGenerated incident

G4Svc::handle(McEventGenerated)

if (FirstEvent) {
  runMgr->SetUserInitialization(PhysicsList)
  runMgr->SetUserAction(AthenaHepMCtoG4EventAction)
  setup visualization
  runMgr->Initialize()
}

G4SvcRunManager::StartEvent(n)

SetNumberOfEventsToBeStored(n)
RunInitialization()
DoEventLoop(n)

AthenaHepMCtoG4EventAction::GeneratePrimaries()

for (1,n) {
  SaveHits()
  SaveTracks()
}

execute()
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Process Loop: execute()Process Loop: execute()
contcont..

LArG4Sim::execute()

access G4VHits in StoreGate
process Hits

G4Svc::handle(EndEvent)

runMgr->EndEvent()

G4SvcRunManager::RunTermination()

execute()
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Saving G4VHitsSaving G4VHits

G4SvcRunManager::SaveHits(G4Event∗ event) {

  event->GetHCofThisEvent()

  new vector<string> hit_keys

  for (HitCollections in event) {

    new vector<G4VHit*> v_HC

    hit_keys->push_back(HitCollection->GetName())

    for (G4VHits in HitCollection) {

      v_HC->push_back(G4VHit)

    }

    StoreGate->record(v_HC,HitCollectionName)

  }

  StoreGate->record(hit_keys,”HitKeys”)

}
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Saving G4VTrajectoriesSaving G4VTrajectories

✦ 9HU\�VLPLODU�WR�*�9+LWV��H[FHSW�DOO�VWRUHG�LQ�RQH
FRQWDLQHU

✦ GHEXJ�PRGH�SULQWV�RXW�DOO�*�7UDMHFWRU\3RLQWV�LQ
HDFK�*�97UDMHFWRU\��7XUQ�RII�ZKHQ�XVLQJ�3\WKLD�

G4SvcRunManager::SaveTracks(G4Event* event) {

  vector<G4VTrajectory*> *v_TC = new vector<G4VTrajectory*>;
  G4TrajectoryContainer* TC = event->GetTrajectoryContainer();

  for (G4VTrajectory* in TrajectoryContainer) {
      v_TC->push_back(G4VTrajectory*)
  }

  storeGate->record(v_TC,"G4VTrajectory")
}
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G4Svc Job OptionsG4Svc Job Options

✦ *�6YF�3K\VLFV/LVW�
● "ExN01", "ExN02", "ExN03", "ExN04 "

● "Geantino", "EM", "Full", "none"

✦ *�6YF�'HIDXOW3K\VLFV&XW
● for a PhysicsList

✦ *�6YF�9LVXDOL]H
● turn on visualization

✦ *�6YF�9LV7\SH
● default VRML

✦ *�6YF�6DYH7UDFNV��6DYH+LWV
● save G4Hits and G4Trajectories

✦ *�6YF�5XQ9HUERVLW\��(YHQW9HUERVLW\�
7UDFNLQJ9HUERVLW\

● how much G4 output to print out
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Accessing the G4SvcAccessing the G4Svc

✦ 7HOO�WKH�MRE2SWLRQV�DERXW�LW�

✦ *HW�KROG�RI�WKH�VHUYLFH�LQVLGH�DQ�$OJRULWKP�

ApplicationMgr.DLLs   += { "G4Svc" };
ApplicationMgr.ExtSvc += { "G4Svc" };

#include "G4Svc/IG4Svc.h"

IG4Svc* p_G4Svc;
StatusCode status = service("G4Svc",p_G4Svc);
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Building the GeometryBuilding the Geometry

✦ 8VHUV�FDQ�FUHDWH�VWDQGDUG�*��&���FODVVHV��DQG
UHJLVWHU�WKHP�GLUHFWO\�ZLWK�WKH�*�6YF

✦ $7/$6�DOVR�XVHV�;0/�WR�GHVFULEH�WKH�GHWHFWRU
JHRPHWU\�DQG�PDWHULDOV��6HYHUDO�GLIIHUHQW
FRPSHWLQJ�PRGHOV�H[LVW���D�IUXVWUDWLQJ�ODFN�RI
VWDQGDUGV��*HQHULF�JHRPHWU\�EXLOGHUV�KDYH�EHHQ
GHVLJQHG�WKDW�ZLOO�DVVHPEOH�D�*��JHRPHWU\�E\
SDUVLQJ�WKH�;0/�

● packaged as separate Algorithms that build the geometry in their
intialize() method

● selected at run time by providing the appropriate jobOptions

G4Svc->SetUserInitialization( new MyDetectorConstruction );
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Building Geometry from XMLBuilding Geometry from XML

✦ 6HYHUDO�;0/�JHRP�PDWHULDO�EXLOGHUV�KDYH�EHHQ�LPSOHPHQWHG�
● Stan’s G4Builder: G4Builder

● Jean-Francois’s AGDDBuilder: G4AGDDBuilder

● Andrea’s DOM model: G4DOMBuilder

ApplicationMgr.DLLs += { "G4Builder" };
ApplicationMgr.TopAlg = { ... ,  "G4BuilderAlg",  ... };

G4BuilderAlg.MaterialXML = "Material_AGDD.xml";
G4BuilderAlg.DetectorXML = "Atlas_AGDD.xml";

ApplicationMgr.DLLs += { "G4AGDDBuilder" };
ApplicationMgr.TopAlg = { ... ,  "G4AGDDBuilder",  ... };

G4AGDDBuilder.MaterialXML = "Material_AGDD.xml";
G4AGDDBuilder.DetectorXML = "Atlas_AGDD.xml";

ApplicationMgr.DLLs += { “G4DOMBuilder” };
ApplicationMgr.TopAlg = { ... ,  "G4DOMBuilder",  ... };

G4DOMBuilder.XML = { ”SCTDesc.xml”, “color.xml” };
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Building AGDD GeometryBuilding AGDD Geometry

✦ 8VH�$*''�WR�UHDG�LQ��XQFRPSDFWHG��;0/
G4VPhysicalVolume* DetectorConstruction::Construct() {

  AGDD_Factory &f = AGDD_Factory::Expat_instance();
  f.build_detector_description (m_materialFile);

  BuildMaterial build_material;
  build_material.parseAGDD (f.get_detector_description() );

  f.build_detector_description (m_detectorFile);

  BuildGeometry build_geometry;
  build_geometry.parseAGDD (f.get_detector_description() );

}
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G4Svc UserInterfaceG4Svc UserInterface

✦ &DQ�DFFHVV�WKH�*�8,�WH[W�XVHU�LQWHUIDFH�DW�DQ\
WLPH�

● p_G4Svc->StartUISession();

✦ &DQ�DOVR�SDVV�FRPPDQGV�GLUHFWO\�WR�WKH�8,PDQDJHU�
● p_G4Svc->uiMgr()->ApplyCommand( "G4 command" );
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Accessing Hits and TracksAccessing Hits and Tracks

✦ *�9+LWV�DQG�*�97UDMHFWRULHV�DUH�VWRUHG�LQ
6WRUH*DWH�LQ�YHFWRUV��NH\HG�E\�QDPH

✦ ,Q�DQ�$OJRULWKP·V�H[HFXWH�PHWKRG��WR�UHWULHYH�KLWV�
const DataHandle< vector<string> > hit_keys;
vector<string>::const_iterator kitr;

StatusCode status = m_sgSvc->retrieve( hit_keys, "HitKeys" );

if (status.isSuccess()) {

   for (kitr=hit_keys->begin(); kitr!=hit_keys->end(); ++kitr) {
      const DataHandle< vector<G4VHit*> > hits;
      status = m_sgSvc->retrieve(hits, (*kitr));

      if (status.isSuccess()) {
         vector<G4VHit*>::const_iterator itr;
         for (itr=hits->begin(); itr!=hits->end(); ++itr) {
            (*itr) -> Print();
         }
      }
   }
}
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VisualizationVisualization

✦ 6HYHUDO�YLVXDOL]DWLRQ�PRGHOV�DUH�FXUUHQWO\
VXSSRUWHG�

● VRML/vrweb

● DAWN

● will add the other G4 standards when I get the chance: had trouble
compiling them in under Linux when I first started

✦ %\�WXUQLQJ�YLVXDOL]DWLRQ�RQ�YLD�WKH�MRE2SWLRQV��WKH
*�6YF�ZLOO�ZULWH�RXW�WKH�DSSURSULDWH�YLVXDOL]DWLRQ
ILOH�DW�WKH�HQG�RI�HYHU\�HYHQW�
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ImplementationsImplementations

✦ *($17��QRYLFH�H[DPSOHV���WKURXJK��
● package G4Sim/G4Ex.

● use Algorithm “ G4ExN01” , “ G4ExN02” , “ G4ExN03” , “ G4ExN04”

✦ /LTXLG�$UJRQ�&DORULPHWHU�
● package G4Sim/LArG4Sim

● uses C++ classes

✦ 6&7�ZLWK�*�%XLOGHU
● package G4Sim/G4Builder

✦ 6&7�0XRQ�+(&�ZLWK�*�$*''%XLOGHU
● package G4Sim/G4AGDDBuilder

✦ 6&7�ZLWK�*�'20
● package G4Sim/G4DOMBuilder
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StatusStatus

✦ 7HVWHG�ZLWK�*�������*�����
✦ 6XUYLYHG�WHQV�RI�WKRXVDQGV�RI�VLQJOH�SDUWLFOH

HYHQWV��DQG�D�WKRXVDQG��RI�3\WKLD�HYHQWV

✦ 6WLOO�LQ�SURWRW\SH�SKDVH
✦ :DLWLQJ�WR�KHDU�EDFN�IURP�XVHUV�DV�WR�GHVLUHG

IHDWXUHV��DQG�XQGHVLUHG�IHDWXUHV��EXJ�UHSRUWV�

✦ :H�KRSH�WR�XVH�LW�LQ�WKH�$7/$6�'DWD�&KDOOHQJH�
SDUW����SKDVH�%
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General CommentsGeneral Comments

✦ 1RW�HQWLUHO\�WULYLDO�WR�XVH�*HDQW��LQ�´QRQ�VWDQGDUGµ
ZD\V�

✦ ,Q�PDQ\�FDVHV�LW�ZDV�GLIILFXOW�WR�JHW�WR�WKH�JXWV�RI
WKH�YDULRXV�PDQDJHUV��,QVWHDG�RI�SURYLGLQJ
DFFHVVRUV�WR�IXQFWLRQDOLW\��KDG�WR�VHQG�WH[W
FRPPDQGV�ZLWK�WKH�$SSO\&RPPDQG���PHWKRG�RI�WKH
*�8,PDQDJHU�

✦ +DG�WR�KDFN�WKH�5XQ0DQDJHU�DQG�VSOLW�LW�LQWR�WZR
SDUWV�WR�SUHYHQW�*��IURP�GHOHWLQJ�WKH�+LWV�7UDFNV
EHIRUH�,�ZDV�UHDG\�WR�XVH�WKHP�

✦ &RPSLOLQJ�OLQNLQJ�UXQQLQJ�WULFN\�VLQFH�GLGQ·W�NQRZ
ZKDW�OLEUDULHV�WR�LQFOXGH��1HHG�D�´geant4-configµ�j�OD
´root-configµ�RU�´cernlibµ
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DocumentationDocumentation

✦ RQOLQH�
● http://annwm.lbl.gov/G4

✦ CVS:
● ATLAS CVS repository

● $CVSROOT = :kserver:atlas-sw.cern.ch:/atlascvs

● offline/Simulation/G4Sim/G4Svc


